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The properties of G-matrix interactions derived from the new Nijmegen models ESC02/03 are discussed in comparison with the other interaction models.
The free-space YN scattering data are too sparse to discriminate clearly the YN interaction models. Then, it is very helpful to test the interaction models through the study of hypernuclear phenomena. Effective YN interactions used in the models of hypernuclei, which reflect the properties of the bare interactions, can be derived using the G-matrix procedure. In constructing the NSC97 model, 1) the G-matrix results were used as an important guidance to discriminate the sets of potential parameter especially for the spin-dependent sectors such as spin-spin interactions. Then, it was demonstrated that the versions a ∼ f of the NSC97 model are specified by their different strengths of ΛN spin-spin interactions and those of NSC97e and NSC97f are of appropriate strengths indicated by the hypernuclear data.
In this report, we discuss the properties of G-matrix interactions derived from the Extended-Soft-Core (ESC) model, which has been developed elaboratively by the Nijmegen group, in comparison with the previous models (NSC97e/f). In ESC, the soft-core OBE models such as the NSC97 model are extended to include uncorrelated two-meson-exchange and meson-pair exchanges. The recent versions of ESC, called ESC02 and ESC03, have been opened in 2002 and 2003, respectively. Though the basic modelings are common essentially to the both versions, ESC03 is designed so that the parameters are kept more closely to the quark-model predictions. No ad hoc parameter only for fitting the experimental data is not included in ESC models.
In our G-matrix calculations, we adopt the simple QTQ prescription (the gap choice) for the intermediate-state spectrum, which means that no potential term is taken into account in the off-shell propagation. The nucleon energy spectra are calculated using the Reid soft-core potential with the phenomenological three-body interaction adjusted so as to reproduce the nuclear saturation property.
In Table I we show the potential energies U Λ for a zero-momentum Λ and their partial-wave contributions at normal density ρ 0 (k F = 1.35 fm −1 ) for ESC02/03 and NSC97e/f. In order to see the spin-dependent features of the G-matrix interactions clearly, it is convenient to obtain the contributions to U Λ from the spin-independent, Table I . Partial wave contributions to U Λ (ρ 0 ) in MeV. Table II . Contributions to U Λ (ρ 0 ) from spin-independent, spin-spin, LS and tensor parts of the G-matrix interactions (in MeV). Table II . It is found that the S-state contribution U 0 (S) for ESC03 (ESC02) is less attractive than (similar to) those for NSC97 models. The relative ratios of U Λ ( 1 S 0 ) and U Λ ( 3 S 1 ) are related to the contributions U σσ (S) of spin-spin interactions. Various analyses suggest that the adequate strength of the spin-spin interaction is about between those of NSC97e and NSC97f. Then, the value of U σσ (S) for ESC03 turns out to be quite nice. On the other hand, the S-state spin-spin interaction of ESC02 is less repulsive than those of NSC97e/f.
The remarkable difference between ESC02/03 and NSC97e/f appears in the Pstate interactions. As shown by the values of U 0 (P ) in Table II , the P -state interactions of ESC02/03 and NSC97e/f are weakly attractive and strongly repulsive, respectively. It has been suggested experimentally that the strong P -state repulsions given by NSC97 models are inadequate. 2) Let us remark the total contributions U Λ (ρ 0 ), which should be compared to the experimental values of ∼ −30 MeV. Here, ESC03 is found to reproduce this value nicely. On the other hand, it is owing to their strong P -state repulsions that the obtained values for NSC97e/f are not so bad. In the case of ESC02, the S-state contributions are similar to those of NSC97e/f, and then its weak P -state attractions lead to the considerably deep value of U Λ (ρ 0 ).
In Fig. 1(a) our calculated values of U Λ are drawn as a function of ρ/ρ 0 up to the high-density region, where solid, dotted and dashed curves are in the cases of ESC03, NSC97f and NDm, respectively. Here, NDm means the Nijmegen hard-core model D (ND), 3) whose hard-core radii in S-states are adjusted artificially so as to satisfy the condition of reproducing U Λ (ρ 0 ) ∼ −30 MeV. This interaction NDm was used for calculations of hyperon-mixed neutron star matter. 4) It is found here that the U Λ for ESC03 become far more attractive with increase of density than those of NSC97f. Its mechanism can be seen in the partial wave contributions to U Λ given in Fig. 1(b) . It should be noted that the strong P -state repulsions in NSC97f work unfavorably for Λ-mixing in high-density matter. In this concern, it is interesting that the curve of U Λ ρ for NDm is similar to that for ESC03. However, the behaviors of their S-state contribution U Λ (S) and the P -state one U Λ (P ) are very different from each other. The values of U Λ (S) for NDm become less attractive with increase of density due to its hard-core repulsion, and this behavior of U Λ (S) is compensated by the strong attractions in the P -states.
The Λ effective mass M * Λ in nuclear matter is an important quantity which is related to the underlying ΛN interaction. Our calculated values of m * Λ = M * Λ /M Λ at normal density are 0.78, 0.77, 0.64 and 0.81, respectively, for ESC03, ESC02, NSC97f and NDm. Its reason why the value for NSC97f is distinctively small is also related to their strongly repulsive P -state interactions. Next, let us discuss the properties of ΣN G-matrix interactions. We solve here the ΣN starting channel G-matrix equations. In this case it is necessary to modify the QTQ prescription so as to produce the Σ conversion width: The QTQ spectra are In Table III we show the calculated values of U Σ (ρ 0 ) and Γ Σ (ρ 0 ) for ESC02/03 and NSCf. (The values for NSC97e are almost the same as those for NSC97f.) Here, it is found that the values of U Σ (ρ 0 ) are very different from each other. That for ESC02 is strongly repulsive, which is quite contrastive to the others. The origin of this extraordinary repulsion is noted to be in the T = 3/2 3 S 1 contribution. The values of the Γ Σ are dominated by the T = 1/2 3 S 1 contributions, which reflect the strength of the ΣN -ΛN coupling interaction in this channel. It should be noted that the value for ESC03 (ESC02) is significantly smaller (larger) than that for NSC97f. Recently, the (π − , K − ) experiment has been performed in order to study Table III . Partial wave contributions to U Σ (ρ 0 ) in MeV.
model In the past, ND 3) has been used popularly as a standard meson-theoretical model for S = −2 interactions. The reason was that this interaction is compatible with strong ΛΛ attraction (∆B ΛΛ = 4 ∼ 5 MeV) supported by earlier data on ΛΛ hypernuclei. Since the discovery of NAGARA event identified uniquely as 6 ΛΛ He 6) in 2001, ΛΛ attraction is believed to be rather less (∆B ΛΛ ≈ 1 MeV). We perform here the α + Λ + Λ three-body calculations with the ΛΛ effective interactions, which are obtained by localizing the G-matrix for a ΛΛ pair in nuclear matter. Then, the G-matrix interaction is of density-dependence: We apply it to 6 ΛΛ He with the average-density approximation.
In Table IV the calculated values of ∆B ΛΛ ( 6 ΛΛ He) are shown for ESC02/03, NSCf and ND. In the case of ND, the strongly attractive result is obtained, when the 1 S 0 hard-core radius is taken to be the same as the corresponding value in the NN channel (r c = 0.50 fm). On the other hand, the results for the recent models (ESC02/03, NSC97f) are found more or less to be consistent with the new experimental data.
Hypernuclear properties derived from ESC02/03 are summarized as follows: The quark-model inspired model ESC03 is of quite nice properties for U Λ , M * Λ , the ΛN spin-dependent terms and ∆B ΛΛ . But, there still remains of a problem of U Σ , the obtained value of which is negative contradictorily to the experimental suggestion. In the case of another version ESC02, the obtained value of U Λ (ρ 0 ) ∼ −40 MeV is too attractive, but that of U Σ is strongly repulsive. In the present, it seems to be hopeless to reproduce every hypernuclear property observed in experiments consistently from a single interaction model. Maybe, there still remain some rooms for effects of three-body forces.
